The aim of the study was to identify the affinity of 10 Staphylococcus strains isolated from table chicken eggs to specific species. Preliminary analysis performed by API ID32 Staph test identified these strains as S. aureus, but they exhibited a negative reaction in the tube coagulase test. Thus, the analysed strains were initially characterised as Staphylococcus aureus-like (SAL). Further characterisation was performed by genotypic methods, using restriction fragment length polymorphism (RFLP) of the coagulase gene (coa) and sequencing of the gene rpoB. An attempt was also made to identify the isolated Staphylococcus strains by MALDI-TOF mass spectrometry. The results indicated that none of the strains tested belonged to the species S. aureus. The rpoB sequences of five isolates showed the highest sequence similarity to S. haemolyticus, three isolates to S. chromogenes, and one isolate to S. epidermidis. One strain (SAL4) remained unidentified in this analysis. The results obtained using mass spectrometry were comparable to those based on gene sequence analysis. Strain SAL4, which could not be identified by sequencing, was identified by MALDI-TOF as Staphylococcus chromogenes.
Introduction
Microorganisms of the Staphylococcus sp. produce numerous virulence factors, including surface proteins essential for these bacteria in the colonisation process and extracellular toxins responsible for the destruction of tissue and inactivation of the host's defence mechanisms. The ability to produce both clumping factor and coagulase is a characteristic feature of S. aureus and also occurs in some strains of S. intermedius. Both of these characteristics play an important role in the taxonomy and diagnostics of these microorganisms. In exceptional cases, strains of S. aureus may lack one or even both of these factors and are described in the literature as atypical or defective strains (5, 15) . Such strains occur most often among methicillin-resistant S. aureus (MRSA). According to Vandenesch et al. (16) , the lack of coagulase production by S. aureus strains may result from inhibition of its secretion outside the cell and binding to the cytoplasmic membrane. The fundamental genetic cause of this phenomenon is considered to be the lack of the coa gene itself. Some reports indicate that in some strains the gene may be lost, while others suggest the occurrence of an allelic variant of coa, the gene fbpA, which encodes a fibrinogen-binding protein and occurs alternatively to coa at the same site in the replicon (11) . About 60% of CNSA (coagulase-negative S. aureus) strains isolated in France were found to be resistant to methicillin (16) . Atypical S. aureus strains occurring in other countries are also exclusively or primarily MRSA strains (8, 12) .
Currently, identification and characterisation of Staphylococcus strains isolated from food samples are crucial in epidemiological research and for developing effective methods to treat infections and food poisoning induced by these bacteria (2) . In recent years, numerous techniques based on the analysis of bacterial DNA have been proposed, which, in the authors' opinion, enable certain identification of Staphylococcus sp. (10, 11) . Due to the increasingly frequent reports of isolation of defective strains, genetic identification tests based on detection of conserved gene sequences characteristic for S. aureus, including the coa gene, have been introduced in many laboratories.
Another alternative to biochemical methods and other tests based on evaluation of phenotypic characteristics is DNA sequencing of these bacteria, which enables differentiation of Staphylococcus strains at the level of species and subspecies. The analysis of the complete sequence of rpoB gene in several Staphylococcus sp. has shown that it can be a suitable marker in taxonomic and phylogenetic studies (3) . In recent years, an increasing number of reports have described the use of mass spectrometry in laboratory diagnostics. MALDI-TOF mass spectrometry involves an analysis of the composition of cellular proteins, mainly those occurring in large quantities in the bacterial cell, such as ribosomal proteins, and enables automatic identification of microorganisms on the basis of their protein profile (4, 17) .
The aim of the present study was to identify the affinity of 10 Staphylococcus strains isolated from table chicken eggs to specific species. The strains were characterised as S. aureus-like, with a phenotype similar to that of S. aureus. A full phenotypic characterisation of the strains was provided in our previous work (13) .
Material and Methods
The study was carried out on 10 Staphylococcus strains isolated from table chicken eggs. The strains were identified as S. aureus with API ID32 Staph test, but they exhibited a negative reaction in the tube coagulase test, and thus were given the working name of S. aureus-like and designated as SAL1 to SAL10.
Restriction fragment length polymorphism (RFLP) of the coagulase gene (coa). Isolation of genomic DNA was performed with an Extractme DNA Bacteria kit. Lysostaphin was used during the isolation. The RFLP test was carried out after amplification of the coa gene, using internal primers (DNA-Gdańsk division of Blirt S.A.) The reaction mixture for each sample consisted of 42 µL of Master Mix, 5 µL of dNTPs mixture, 2 µL of DNA (obtained according to the protocol), and 1 µL of TaqNova DNA polymerase.
The conditions for PCR were as follows: initial denaturation at 95°C for 2 min was followed by 35 cycles of the following profile: denaturation at 95°C for 30 s, annealing of primers at 62°C for 30 s, synthesis of DNA strands at 72°C for 30 s, and final elongation for 2 min at 72°C.
The PCR products were analysed by electrophoresis in agarose gel. A 2 µL volume of bromophenol blue was added to 10 µL of reaction mixture of each sample and electrophoretic separation was carried out in 2% agarose gel (Sigma).
S. aureus ATCC 25923 and S. epidermidis ATCC 14990 were used as positive and negative controls respectively.
Gene rpoB sequencing. Identification of staphylococcal isolates and their assignment to specific Staphylococcus species was performed by partial sequencing of the rpoB gene, according to the previously described protocol (10) with minor modifications. Briefly, sequencing was performed with a total volume of 10 µL containing 0.5 µL of premix from the ABI Prism BigDye Terminator (version 3.0) ready reaction cycle sequencing kit (Applied Biosystems), 1.8 µL of buffer (400 mM Tris-HCl, 10 mM MgCl2), 10 pmol of sequencing primer, and 3 µL of the cleaned-up PCR product. The sequencing products were purified using ExTerminator kits (A&A Biotechnology, Poland) and analysed in an ABI PRISM 3130 genetic analyser, as specified by the manufacturer (Applied Biosystems). For identification, the sequence data were compared with sequence data in GenBank using the nucleotide-nucleotide BLAST programme (http://www.ncbi.nlm.nih.gov/Blast.cgi).
Species identification by MALDI-TOF-MS analysis. Bacteria were prepared for mass spectrometry analysis according to a standard extraction protocol using formic acid, as recommended by the Bruker Company (OP for sample preparation using formic acid extraction method). A 0.5 µL volume of the prepared material (full extraction of bacterial proteins) was applied to an MTP 384 ground steel target (BrukerDaltonics). An HCCA (α-Cyano-4-hydroxycinnamic acid) matrix solution (suspended in a standard solution recommended by the manufacturer, BrukerDaltonics) was applied to each dosed bacterial sample. The recommended BrukerDaltonics Bacterial Test Standard (BTS) was applied in such configuration that one location of the standard was positioned at the centre of 4 bacterial sample locations. Calibration was performed using a standard calibration mixture of an E. coli extract (BrukerDaltonik Bremen, Germany) containing RNase A and myoglobin proteins. The spectrum of the bacteria analysed was obtained in a positive linear manner, within a mass range of 2 to 20 kDa. The analysis was repeated 3 times for each sample. The bacterial spectra were acquired using By comparing the unknown spectrum with the best-fitting spectrum from the library, a final log score value for the unknown spectrum was calculated in a range from 0 to 3. Highly probable species identification was obtained with a log score range from 2.3 to 3.0, secure genus identification and probable species identification with a range of 2.0-2.299, and probable genus identification with a range of 1.7-1.999. A log score range of 0.000-1.699 meant that the identification was not reliable.
Results

Restriction fragment length polymorphism (RFLP) of the coagulase gene (coa).
The presence of a conserved region of the coa gene with a length of 500-900 base pairs was not detected among 10 strains analysed.
Sequencing of the gene rpoB.
The rpoB sequences of the five isolates (SAL1, SAL2, SAL3, SAL9, and SAL10) showed the highest sequence similarity to S. haemolyticus type strain CIP 81.56 (GenBank accession no. AF325888), three isolates (SAL5, SAL7, and SAL8) to S. chromogenes type strain ATCC 43764 (GenBank accession no. AF325892), and one isolate (SAL6) to S. epidermidis type strain CIP 81.55 (GenBank accession no. AF325872). The strain SAL4 remained unidentified in this analysis (Table 1) .
Species identification by MALDI-TOF-MS analysis.
The strains tested were analysed by MALDI-TOF-MS and the resulting spectra of their ionisable cell surface components were compared to the spectra in the released database provided in the BrukerBiotyper 3.0 software. The Bruker Daltonics MALDI Biotyper database and software were fully accurate in assigning the correct species to the tested isolates. A total of five isolates (SAL1, SAL2, SAL3, SAL9, and SAL10) were identified as S. haemolyticus at a level of secure genus identification and probable species identification (score ≥2.0), and additional four isolates (SAL4, SAL5, SAL7, and SAL8) were identified as S. chromogenes, at probable genus identification for SAL4, SAL7, and SAL8 (score ≥1.700) and highly probable species identification for SAL5 (score ≥2.3). One strain (SAL6) was identified as Macrococcus caseolyticus at probable genus identification (score ≥1.700). The data are shown in Table 2 . 
Discussion
Detection of S. aureus in food samples is largely dependent on the technique used to isolate the bacteria and on the type of material analysed. In our previous study, 90 table chicken eggs were analysed, from which 105 strains of the genus Staphylococcus were isolated. Testing with API ID32 Staph identified 17.13% of these as S. aureus. Ten strains identified as S. aureus reacted negatively to coagulase in a tube coagulase test. As the test for the presence of free coagulase and CF are the basis for species identification, the occurrence of S. aureus strains that phenotypically do not exhibit certain features (here coagulase) poses difficulties in routine laboratory diagnostics. According to a study by Luczak-Kadłubowska et al. (7), about 4.5% of 2443 S. aureus strains analysed did not produce one of the species-specific proteins. However, as shown in earlier research, in Poland the occurrence of S. aureus strains, which produce neither coagulase nor clumping factor is rare, accounting for about 1% of all isolates tested (14) . An attempt to establish the presence of the coa gene in the 10 strains did not reveal a specific PCR product of 500-900 b.p., which means that none of the strains possessed this gene. Hence another method, which would reliably identify the species of these isolates, was sought.
In recent years, enormous progress has been made in the identification and phylogenetic classification of Staphylococcus bacteria by methods based on sequence analysis of housekeeping genes. In the present study, the method used for further analysis was sequencing of the rpoB gene, which encodes the highly conserved β subunit of bacterial RNA polymerase, and which had previously proven to be a suitable target used for identification of intestinal bacteria, Spirochaetes, Bartonella, and Rickettsia. The analysis of the complete sequence of the rpoB gene in several Staphylococcus species has also shown that it can be a useful marker in taxonomical studies within this genus (3, 10) . The results of the present study revealed three Staphylococcus species among the strains studied. One of the strains (SAL6) was assigned to the S. epidermidis species, while five (SAL1, SAL2, SAL3, SAL9, and SAL10) were identified as S. haemolyticus, and three (SAL5, SAL7, and SAL8) as S. chromogenes. Unfortunately, the species of one of the strains studied (SAL4) could not be identified.
Recently, an increasing number of published studies have used MALDI-TOF mass spectrometry to differentiate Staphylococcus strains, and the results obtained are comparable to the identification based on gene sequence analysis (1) . In the present study we also made an attempt to identify the Staphylococcus strains using mass spectrometry. Comparison of the results with those of the previously performed tests showed that in eight of the ten strains tested the identification results were the same as in the analysis based on rpoB gene sequencing. These included five strains identified as S. haemolyticus (SAL1, SAL2, SAL3, SAL9, and SAL10) and three strains of S. chromogenes (SAL5, SAL7, and SAL8). In the case of two strains certain discrepancies were observed. Strain SAL4, which could not be identified by sequencing, was identified as S. chromogenes using mass spectrometry, and the result obtained was within the range for probable genus identification (score ≥1.700), whereas strain SAL6 was identified as Macrococcus caseolyticus with probable genus identification (≥1.700).
In the present study, two of the ten strains analysed (SAL1 and SAL2) possessed the mecA gene determining resistance to methicillin (13) . Both strains were found to belong to the S. haemolyticus species. A study by Małecka-Mikosz et al. (9) showed that resistance to methicillin is currently noted much more frequently in coagulase-negative staphylococci than in S. aureus. Strains with the mecA gene but not phenotypically exhibiting resistance to methicillin are very likely to undergo selection and manifest it in vivo when antibiotics are used. Moreover, the similarity of restriction patterns of mecA in coagulase-negative and coagulase-positive Staphylococcus strains suggests that methicillin resistance may be transmitted between Staphylococcus species. Hence the need to detect and combat methicillin-resistant coagulase-negative staphylococci strains (MRCNS) in the environment poses a serious challenge.
The results presented indicate that identification of bacteria using MALDI-TOF-MS based on the analysis of the spectra of intracellular proteins is comparable to methods based on sequence analysis of housekeeping genes. The literature contains reports of up to 99.3% of effectiveness in identification of coagulase-negative Staphylococcus species (6) . Moreover, a great advantage of this technique is the simplicity and rapidness of the analysis. Both MALDI-TOF-MS and rpoB sequencing appear to be more effective than the biochemical identification method, an example of which are the strains producing non-species-specific products of biochemical activity.
